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Abstract
Purpose—Gastrointestinal (GI) symptoms are prevalent, often persistent, and detrimental to
patients’ quality of life. This review discusses evaluation of GI symptoms as patient-reported
outcomes (PROs), and presents an information technology (IT)-based system for symptom
monitoring and management. The electronic PRO (ePRO) system is then placed within the larger
context of rapid learning healthcare, a concept currently under development in which data obtained
through both research and clinical care continuously build large datasets for analysis, seed future
research, fuel expansion of the evidence base, and support clinical decision-making.

Recent findings—PROs are increasingly recognized as valid measures of symptoms, functional
status, and quality of life. They have demonstrated prognostic significance and are being developed
as a component of toxicity reporting in clinical trials. Recent studies have validated an IT-based
approach for collecting ePROs in routine clinical care. The system is feasible and acceptable;
electronic and paper-based data, collected on validated assessment instruments, are equivalent; ePRO
collection supports real-time symptom monitoring and management. The ePRO system represents a
first step toward implementing rapid learning healthcare at the clinic level.

Summary—EPROs provide a rich source of information to support monitoring and clinical
management of troubling symptoms such as GI complaints.

Keywords
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Introduction
Resulting from medication side effects or underlying disease, gastrointestinal (GI) symptoms
are among the most common and unpleasant side effects experienced by advanced cancer
patients. Good symptom management involves routine assessment and monitoring of response
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to treatment over time. This review article describes: (1) recent development of methodologies
for collecting and using patient-reported outcomes (PROs) to guide palliative symptom
management; (2) the emergence of the rapid learning healthcare concept, and of the rapid
learning cancer clinic as a prototype for its implementation in actual clinical environments;
and, (3) the use of PRO methodologies to manage GI symptoms in a rapid learning cancer
clinic model.

Background
Gastrointestinal (GI) symptoms plague a large proportion of patients in the palliative phase of
disease. These symptoms can arise either from the disease itself or as side effects of treatment,
particularly cancer chemotherapy. While this review article does not focus on recent
approaches to GI symptom management, we note here the magnitude of the problem and point
to evidence-based clinical practice guidelines to support clinical management of GI symptoms.

Prevalence and variety of gastrointestinal symptoms
Cancer patients with advanced life-limiting illness present a host of GI symptoms which may
arise from medication side effects or the underlying disease. Untreated, nausea and/or vomiting
occur in 21-68% of all advanced cancer patients,1, 2 and in 70-80% of cancer patients receiving
chemotherapy.3 A systematic review of 44 studies, pooling data from over 25,000 patients with
incurable cancer, reported a 31% prevalence of nausea and 20% prevalence of vomiting.4
Potentially leading to serious metabolic disturbance, malnutrition, electrolyte disturbances, and
other physiological repercussions, nausea and vomiting can also impair functionality and erode
the patient’s quality of life.2

Diarrhea is a common side effect of certain chemotherapeutic regimens; symptom prevalence
ranges from 50-80% depending on the medication.5 Among heterogeneous cancer patients, the
prevalence of moderate to severe diarrhea has been reported at 14%.6 As well as induced by
chemotherapy, this symptom can be directly caused by certain cancer types, notably GI tract
tumors and neuroendocrine tumors. If not properly managed, diarrhea and its complications
can be debilitating and life-threatening. Risks of persistent or severe diarrhea include acute
dehydration, renal insufficiency, dramatic weight loss, weakness, electrolyte imbalances, and
infection. Diarrhea also compromises quality of life, and may interfere with adherence to
treatment schedules.7

Constipation, a common symptom among elderly patients in general, afflicts 50-87% of
terminally ill cancer patients.8-11 It can be physically, emotionally, and socially stressful, and
can be associated with an array of troubling concerns: headache, fatigue, abdominal swelling
and pain, nausea and vomiting, anorexia, hemorrhoids, and urinary complications.8, 12

Constipation can be more distressing to patients than pain,13, 14 and can cause some patients
to decline further analgesic treatment.8, 11, 15

Other GI symptoms – including anorexia, heartburn, dysphagia, and pain – are frequently
encountered in patients with advanced cancer. Like nausea/vomiting, diarrhea, and
constipation, these complaints are highly subjective and often cause patients considerable
distress. Accurate and regular assessment, to closely monitor their occurrence, severity, and
progression, is the critical first step in medical management of these symptoms.

Medical management of GI symptoms
Clinical practice guidelines form the foundation of evidence-based management for GI
symptoms in the advanced cancer patient. While it is not the purpose of this article to describe
or review current guidelines, the reader can locate these resources through professional
organizations such as the Multinational Association for Supportive Care in Cancer (MASCC)
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and National Comprehensive Cancer Network (NCCN). Although clear instructions are
outlined for the management of common problems like nausea and vomiting, not all symptoms
have their own guideline. In these cases, reference to a basic palliative and supportive care
guideline or handbook provides a solid foundational approach.

Basic symptom management fundamentally includes: (a) routine assessment of the symptom,
and (b) iterative adjustment of treatment based upon assessment results. While longitudinal
assessment is recognized as central to symptom management, the exigencies of day-to-day
clinical practice often compromise providers’ ability to gather, on a regular basis, a
comprehensive report on the patient’s symptoms. Further complicating routine symptom
assessment is the at least partially subjective nature of many GI symptoms, making them best
described by patients themselves. However, methods of data collection that directly capture
patients’ experiences have, until recently, been lacking.

Electronic patient-reported outcomes: A new approach to symptom
assessment

Although physicians have typically solicited symptom-related information from patients
during clinical visits, the patient’s report of symptoms is increasingly becoming (a) formalized
as a valid clinical measure, and (b) standardized and tested as research data.

Patient-reported outcomes
The term, “patient-reported outcomes” (PROs) refers to a wide range of potential types of
measurement, all of which gather data directly from patients, typically through questionnaires
which they complete. An umbrella term, PROs are now generally considered to include any
endpoint derived from patient reports, whether the data be collected at the clinic, in a diary, or
by other means; methods of PRO data collection include single-item outcome measures, event
logs, symptom reports, and formal assessment instruments.16 The most common domains of
PRO assessment are symptoms, functionality/impairment, health-related quality of life
(HRQOL), and quality of life (QOL).17

PROs have increasingly gained acceptance as important and valid measures of patients’
symptoms, experiences, and QOL.18-20 Some studies suggest that patient-reported measures
may more accurately portray the patient’s experience than do physician-recorded symptom
reports. In a Dutch prospective observational study, the severity of eight GI complaints was
independently scored by both patients and general practitioners (GPs) before and after patients
were treated with esomeprazole. Weighted kappa values indicated poor to moderate agreement
on symptom severity, with similarly poor agreement on symptom presence/absence. Certain
systematic differences in scoring were found: the GPs tended to underestimate the severity of
belching, nausea, early satiety, vomiting, and abdominal pain; additionally, GPs tended to
overestimate the treatment effect for belching and lower abdominal pain, but to underestimate
the treatment effect for nausea.21 An earlier (2005) United States (US) study found better
concordance between clinician and patient scoring. Lung and genitourinary cancer patients,
and their clinicians, completed 400 paired surveys using a questionnaire comprising 11
Common Toxicity Adverse Criteria Adverse Event (CTCAE)-reported symptoms. For most
symptoms, agreement between patient and clinician was high; most discrepancies fell within
a one-point grade difference. Agreement was higher for directly observable symptoms, such
as vomiting and diarrhea, than for more subjective symptoms, such as fatigue and dyspnea.
Although differences in symptom reporting rarely would have changed treatment decisions or
dosing, patients generally assigned greater severity to symptoms than did clinicians.22
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Propelling the movement toward collection and use of PROs, in both clinical care and research,
is a growing recognition that traditional medical outcomes (particularly survival and
progression) do not fully capture the patient’s experience of health, disease, or healthcare. This
recognition reflects a desire to align patient assessment with the principles of patient-centered
care – that is, to measure outcomes that have meaning and importance to patients themselves.
Palliative care has always maintained this orientation toward assessment, in that the goals of
palliative care have been reduction of symptom burden and optimization of QOL rather than
increase in survival time or time to progression. Across other areas of medicine, acceptance of
PROs reflects an acknowledgement that patients’ self-perceived well-being is a valid outcome
in itself, and constitutes legitimate data to guide clinical decisions. In fact, evidence suggests
that PRO assessment as part of routine clinical care improves communication and patient well-
being.23 PROs are also being developed for use in toxicity reporting. A PRO version of the
CTCAE, the predominant system for describing adverse events in oncology clinical trials24,
is currently under development; preliminary studies showed that online patient self-reporting
is a feasible long-term strategy for toxicity symptom monitoring during chemotherapy, even
among patients with advanced cancer and high symptom burden.25

Prognostic significance of PROs
Several recent studies have drawn attention to the relationship between patient-reported
measures and more traditional outcomes, notably survival. Multiple population- or
intervention-specific studies have examined the prognostic significant of PROs, and
particularly of QOL scores. One example is a well-designed, placebo-controlled, randomized
trial of antioxidant supplements (beta carotene, vitamin E), in which Meyer et al. report on
QOL measurement as an independent prognostic indicator for survival in patients with head
and neck cancer. In pooled analysis of the randomized groups, multivariate statistics were used
to determine the independent contributions of different factors to prognosis. The investigators
reported that, for every 10-point increase in baseline HRQOL score, there was a corresponding
13% decrease in risk of mortality. At six months, the physical functioning domain of the
HRQOL instrument was the only change score that independently predicted survival.26, 27

With respect to GI cancers, McKernan et al. examined the relationship between QOL, measured
by the EORTC QLQC30, clinico-pathological characteristics, and survival in patients with
gastro-esophageal cancer. In univariate analysis, EORTC QLQ-C30, global QOL,
functionality (physical, role, cognitive, social), and several symptoms (fatigue, nausea/
vomiting, pain, dyspnea, appetite loss, constipation) were statistically significantly associated
with cancer-specific survival.28 In a clinical study of gemcitabine and infliximab, among 86
pancreatic cancer patients with involuntary significant weight loss (cachexia), Robinson et al.
explored the relationship between PROs and survival. PRO endpoints included scores from
the Functional Assessment of Chronic Illness Therapy-Fatigue (FACIT-F), Functional
Assessment of Anorexia/Cachexia Therapy (FAACT), Brief Pain Inventory (BPI), and Short-
Form 36 general health survey (SF-36). Baseline fatigue and physical-functioning scores
predicted survival as well as, or better than, baseline Karnofsky Performance Status or
hemoglobin level. A cut-point in the FACIT-F score strongly predicted mortality; patients with
greater fatigue had a lower median overall survival than did those with less fatigue.29

To evaluate the cumulative evidence regarding PROs’ prognostic value, Gotay et al. performed
a comprehensive review of studies examining the prognostic capacity of PROs in the context
of cancer clinical trials. Eligible studies were: identified through MEDLINE, the Cochrane
database, American Society of Clinical Oncology/European Society for Medical Oncology
abstracts, and hand searches; published in English; and used multivariate analyses of PROs
that controlled for one or more clinical factors. In 36 of 39 studies (n=13,874), at least one
PRO was significantly associated with survival in multivariate analysis (p<0.05), with varying
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effect sizes. The most commonly assessed PRO was QOL, measured by the EORTC QLQ C30
in 56% of studies. Results indicated that PROs provide distinct prognostic information beyond
standard clinical measures in cancer clinical trials.30 A year later, Quinten et al. performed a
meta-analysis of randomized controlled trials that measured baseline HRQOL using the
EORTC QLQ-C30, in order to definitively determine whether this QOL measure carries
prognostic value. Included studies were initiated between 1986 and 2004, involved 11 cancer
sites, were mostly Phase 3 trials, and measured QOL as a secondary outcome. In multivariate
Cox regression analysis, HRQOL parameters that significantly predicted survival were
physical functioning, pain, and appetite loss; predictive socio-demographic parameters were
age, sex, and distant metastases. WHO performance status did not significantly predict survival.
31

Development of electronic patient-reported outcome (ePRO) methodologies
Historically, PRO data have been collected using cumbersome paper questionnaires – a process
which interrupts work flow and incurs personnel expense (e.g., for data entry), thereby
introducing inefficiency and extra cost into clinical and/or research operations. Over recent
years, new information technologies have been tested in the US for electronic collection of
PROs; technologies for this sort of data collection include handheld devices (e.g., palm pilots,
digital pens, tablet personal computers, interactive voice response systems, web interfaces).
These electronic methods make it possible to gather clinical and research data in a cost-effective
manner, at a diversity of locations including point of care (i.e., clinic, hospital), home, or other
facility.32, 33 Efforts to develop PRO data collection methods are also underway in Europe,
where the European Palliative Care Research Collaborative (EPCRC), a project funded by the
European Union, is developing a computerized assessment and classification tool for pain,
depression, and cachexia. A systematic approach will be applied for the tool development, with
emphasis on multicultural and multilingual challenges.34

Are ePROs valid?
Any new assessment methodology requires validation prior to its use for research or clinical
purposes. The Medical Outcomes Trust, a not-for-profit US organization that promotes the
science of outcomes measurement, recommends examination of multiple attributes of new
PRO assessment instruments: reliability (internal consistency, test-retest reliability, inter-rater
reliability), validity (content validity, construct validity), responsiveness, interpretability,
burden and alternate modes of administration, cultural and language adaptation.35 Multiple
paper-based PRO instruments have been validated with respect to these attributes. Certain well-
recognized and widely-accepted paper PRO assessment instruments are now frequently
incorporated into the analyses of research studies; the Functional Assessment of Cancer
Therapy (FACT) series 36, for example, has been used in numerous studies in the US to
evaluate patients’ experiences with symptoms and their QOL. Reflecting the widespread
acceptance of PROs and their incorporation into research, the US Food and Drug
Administration issued a 2006 draft guidance on the use of PRO measures in clinical research,
specifically in drug development to support medical product labeling claims.37 The FDA plans
to release a final version of this guidance document in fall 2009.38

Studies that utilize ePRO methods either program existing, validated, assessment instruments
onto the selected technology platform or develop new surveys for study purposes. In the former
case, validation of the ePRO assessment hinges on evaluation of the equivalence of (a) data
collected using the new electronic methodology, and (b) data collected using the original paper
format. This validation provides assurance that the technology-based methodology for data
collection does not compromise the integrity of the data collected using previously validated
instruments.
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Multiple studies have accomplished this paper vs. electronic validation task for PRO
assessment instruments. A recent meta-analysis of 65 studies examined the equivalence of
computer-based vs. paper versions of PROs used in clinical trials. The authors reported that
computer- and paper-administered PROs are equivalent data collection methodologies; the
very small mean differences found were neither statistically nor clinically significant.39 The
authors cautioned, however, that their results directly compare the differences between
assessments moved from paper to electronic versions, and cannot be generalized to all forms
of electronic administration of PROs.39

Is it feasible to collect ePROs as a routine part of clinical care?
At Duke University Medical Center, we have developed a system for collecting ePROs in the
course of routine clinical care. The Duke ePRO system is designed for use with diverse
electronic data capture platforms, though the prototype system uses wireless tablet personal
computers (e/Tablets). Surveys, programmed onto the tablet computers, appear one question
per screen (Figure 1); the system can be set to queue up multiple surveys, selected for the
specific patient from an on-screen menu, for seamless presentation to the patient (Figure 2).

In a feasibility study at Duke, we sought to determine whether cancer patients in the academic
setting find a specific ePRO data collection technology (e/Tablets) logistically acceptable and
satisfactory for communicating their symptoms to care providers. The study enrolled metastatic
breast cancer patients with a prognosis of at least six months. E/Tablets were programmed with
several well-recognized assessment instruments including the FACT – Breast Cancer,40 MD
Anderson Symptom Inventory (MDASI),6 Functional Assessment of Chronic Illness Therapy
– Fatigue subscale,41 and Self-Efficacy scale,42 as well as the Patient Care Monitor™ (PCM,
a review of systems)43 and an eight-item satisfaction survey. Participants used e/Tablets to
complete the surveys at four clinic visits within six months.

Participants’ (n=65) mean age was 54 years (standard deviation [SD] 12); 77% were Caucasian;
47% had less than a college degree. Regarding the e/Tablets, 94% reported that they were easy
to read; 98%, easy to use to answer survey questions; 99%, easy to navigate; and 90%, a
comfortable weight. Initially, 75% indicated satisfaction with the PCM for reporting
symptoms; this proportion increased over time. By the last visit, 88% indicated willingness to
recommend the PCM to other patients, and 74% felt that this system of ePRO reporting helped
them remember symptoms to discuss with their doctors. Patients enjoyed the educational
content which they could access after completing surveys. The e/Tablets thus proved to be a
feasible and acceptable method of PRO data collection in an academic oncology clinic;44

results of this feasibility study were subsequently confirmed in two additional cancer
populations – GI and lung cancer.

Validation study of an ePRO data collection approach across three cancer types
Further exploring the Duke ePRO data collection system, we next performed a validation study
to determine whether data collected using the ePRO system were equivalent to data collected
using standard paper-based assessment instruments. Sequential studies in three distinct clinics
enrolled GI cancer (GIC, n=113), breast cancer (BC, n=65, see above), and lung cancer (LC,
n=97) patients. At four visits within a six-month period, participants used e/Tablets to complete
multiple assessment surveys including the FACT-General scale 36, MDASI, and PCM.

Additionally, at each visit, the participant completed a paper version of one of the electronic
assessment instruments (e.g., FACT-G using e/Tablet and FACT-G on paper); paper
instruments were completed before the electronic assessments. Cronbach’s alpha coefficients
were calculated to verify internal consistency. Differences between electronic and paper scores
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were compared using raw scores and paired Student t-tests; results were verified with the Sign
test.

All correlation coefficients were acceptable (all α>0.66). Responses collected via paper and
electronic methods were statistically similar for both MDASI subscales (Severity,
Interference), and for the FACT-G Physical and Emotional Wellbeing subscales. Paper and
electronic scores on the FACT-G Social Wellbeing subscale differed statistically within BC
and LC cohorts. We concluded from this study that ePRO data on most subscales were
sufficiently similar to consider ePRO data as being “research quality.”45, 46 Implementation
in three sites confirmed the logistical feasibility of this method of data collection: use of e/
Tablets did not disrupt the clinic flow, and no internet or data security problems arose. The
color-coded PCM reports, highlighting moderate and severe symptoms, were well-received by
physicians, nurses, and social workers. (Figure 3)

Symptom assessment: Placing the patient’s experience at the center of new
healthcare models

While reduction of symptoms has long been a mainstay of palliative care practice, healthcare
delivery and research structures have not typically been constructed with patient-reported
symptom assessment as a central purpose. Recent interest in the validity, prognostic capacity,
and utility of PROs has prompted reconsideration of the driving forces behind clinical practice
and research, and articulation of new models that emphasize the patient’s experience.

ePROs as the foundation of rapid learning healthcare
The concepts of “rapid learning healthcare” and the “learning healthcare system” have gained
considerable momentum in the US since July 2006, when the Institute of Medicine Roundtable
on Evidence-Based Medicine convened the Learning Healthcare System workshop. The
resulting publication and ensuing national discussion have developed the vision of a new
paradigm for healthcare, one that is driven by three fundamental purposes: (1) to generate and
apply the best evidence relevant to each patient; (2) to propel scientific discovery “as a natural
outgrowth of patient care;” and, (3) to support quality assessment and improvement, spark
innovation, enhance patient safety, and allow payers to maximize healthcare value.47, 48

Initial formulations of rapid learning healthcare have described its development at the national
(US) level, with the intention of facilitating overhaul of the research enterprise and update of
Medicare reimbursement policies. Attention has focused on the use of new technologies and
bioinformatic approaches to link the nation’s computerized clinical research databases, so as
to support rapid, large-scale, collaborative, research projects. These studies, primarily
examining the comparative effectiveness of treatments in sizeable real-world clinical
populations, would make use of open-access biobanks with linked clinical, genomic, and
environmental data.49 The US National Cancer Institute has actively advanced this vision
through the Cancer Biomedical Informatics Grid (CaBIG®), part of a national Biomedical
Informatics Grid that serves as an interoperable, interconnected, information technology
platform to enable information sharing. Currently under construction, CaBIG® will connect
over 60 NCI-designated Cancer Centers and numerous NCI community cancer centers in a
national network. CaBIG® is the foundational infrastructure for a seamless clinical/research
continuum, in which aggregated clinical outcomes data drive next-generation research;
research results are then validated in clinical care to improve outcomes, while also contributing
further to the evidence base. This “virtuous cycle” of clinical care informing research and
research informing care lies at the heart of rapid learning healthcare.50
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Although rapid learning healthcare discussions in the US emphasize national level coordination
and processes, with primary focus on integrating large-scale datasets and connecting major
institutions, there are multiple reasons why it is important to retain the patient’s perspective as
paramount in the development of a rapid learning healthcare system. Patients represent the
final decision-makers with respect to where they receive care, from which providers, and which
treatments they agree to undergo. The research enterprise depends fundamentally on patients
for participation in clinical trial; in those studies, it is patients who bear the risks and harms as
well as benefits of new treatments.51 Patients alone possess certain critical data elements, such
as satisfaction with care and the subjective components of PROs. And patients, ultimately, are
the ones who will most directly experience the newly integrated clinical/research system, once
developed.

To ensure that patients’ symptoms remain central outcomes of inquiry in rapid learning
healthcare, and that the goals of learning are to improve indicators which patients value, Duke
researchers propose that PROs be one of the fundamental building blocks of rapid learning
healthcare. Routine collection of data directly from patients will support a system of data
linkage that starts at the level of the individual – beginning with the patient’s chief complaint,
incorporating additional information as it becomes available, and ultimately integrating a full
range of patient-specific data in order to develop a comprehensive view of the patient’s status.
The specificity to the individual patient, inherent in this approach, is the essence of personalized
medicine and, indeed, of good clinical practice in palliative care.

An approach to rapid learning healthcare that begins at the patient level with ePROs is
consistent with national initiatives in the US such as the Patient-Reported Outcomes
Measurement Information System (PROMIS) Network, part of the National Institutes of Health
Roadmap Initiative. PROMIS aims to improve the way in which PROs are selected and
assessed in clinical research by establishing a publicly available resource of standardized,
accurate, and efficient PRO measures. These measures capture major self-reported health
domains (e.g., pain, fatigue, emotional distress, physical function, social function) that are
relevant across chronic illnesses including cancer. PROMIS is also developing measures of
self-reported health domains specifically targeted to cancer, such as sleep/wake function,
sexual function, cognitive function, and the psychosocial impacts of the illness experience such
as stress response and coping, shifts in self-concept, social interactions, and spirituality.52

A rapid learning healthcare model is well-suited to palliative care in several respects. First,
rapid learning healthcare seeks to support each patient’s treatment with latest research evidence
available from a broad range of sources (e.g., classic randomized controlled trials,
observational studies, patient registries, database queries, population-based studies). This
fundamentally evidence-based approach is particularly relevant to palliative medicine, where
an historical paucity of traditional “evidence” (e.g., from randomized controlled trials) has
impeded efforts to advance evidence-based practice. Second, in rapid learning healthcare,
clinicians tailor care to the individual by using available evidence from a variety of sources,
including large population-based datasets, to personalize treatments; the precision with which
palliative care clinicians will be able to shape care to match individual needs and circumstances
will increase as larger, more robust datasets become available to enable queries and support
decision-making. Given the complexity of many clinical scenarios in palliative care, this
tailoring capacity holds the promise of helping clinicians deliver more individually appropriate
care to each patient, based on data obtained from other, similar, patients. Third, the rapid
learning healthcare model values quality assessment and quality improvement as well as the
evaluation of clinical and research outcomes; in palliative care, quality of care is a critical
concern, one which stands to improve with a routine, technology-facilitated method for
benchmarking quality and monitoring quality over time.
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Rapid learning healthcare in operation: Use of an ePRO system to monitor GI
symptoms

Within the Duke GI Oncology clinics, patients and care providers are regularly using an ePRO
system to monitor GI and other symptoms. Completing a review of systems survey (PCM)
programmed onto tablet computers, patients answer a comprehensive set of symptom-related
questions with each visit. Once the patient has finished the survey, a report is printed for the
clinician to aid him/her in rapidly identifying symptoms that might be changing over time. This
real-time ePRO assessment contains several items specific to GI status and experiences;
patients are queried regarding their symptoms related to indigestion, appetite changes,
constipation, diarrhea, nausea, and vomiting. Responses to these questions inform the clinician
and often impact treatment-related decision-making for GI symptom management.

Monitoring of GI symptoms through ePROs, in the framework of a rapid learning cancer clinic,
can add greater responsiveness and attention to detail to the patient encounter. For example, a
patient with lung cancer might not typically, or routinely, be asked if he is experiencing changes
in appetite. This symptom is, however, one of the items in the review of systems survey which
patients routinely complete in the Duke oncology clinics. If the patient’s responses to the ePRO
survey reveal a worsening appetite, that score is highlighted in orange to draw the clinician’s
attention. (Figure 3) The clinician can then discuss the appetite change with the patient, use
the patient’s description to complement the ePRO system information, prescribe an
intervention, and monitor the effectiveness of that intervention on subsequent visits based on
changes in the patient’s scoring of his appetite. In this way, the ePRO system can help the
clinician plan, personalize, and fine-tune longitudinal care using patients’ reports of their
symptoms over time.

Generally, patients have adopted the ePRO practice with enthusiasm, both for the detailed
assessment it provides and for the educational videos presented after the patient completes the
survey(s). It also appears that patients may be more willing to initially report sensitive
symptoms (e.g., sexual dysfunction) using the ePRO system rather than written or verbal
communication; these symptoms, which clinicians may be less likely to address without
prompting, can be of serious concern to patients.53

Plans to expand clinical implementation of the ePRO system are underway throughout the
Duke Oncology clinics. Thus far, we have established the feasibility, acceptability, validity,
and clinical utility of the system, and we have used it to gain a better understanding of our
population’s symptom profile. In the March 2009 issue of Current Opinion in Supportive and
Palliative Care, we reported on initial use of the ePRO system to describe and compare GI
symptoms across cancer populations. In a study among breast, GI, and lung cancer patients,
the incidence of severe patient-reported nausea was highest in breast cancer patients (17%,
versus 14% and 4% in GI and lung cancer cohorts); GI patients reported more moderate to
severe diarrhea (31%, versus 22% and 11% for breast and GI cancer cohorts); breast cancer
patients reported more severe constipation (15%) and heartburn (11%) than did GI (7%, 5%)
or lung (6%, 3%) cancer patients; and GI cancer patients experienced more moderate to severe
decrease in appetite (36%) than did lung (30%) or breast (28%) cancer patients. These analyses
illustrate one way in which ePRO data can help clinicians proactively anticipate GI symptoms,
and then use the system to monitor patients’ experiences and the impact of interventions. 54

How is Duke moving from standard symptom reporting at the point of care to rapid learning
in the GI oncology clinic? First, we use real-time reports to understand symptom prevalence
and severity across the clinic population. Identified concerns are matched to patient education
support materials, delivered to the patient using the e/Tablet in the waiting room. In certain
areas, appropriate patient education materials are available; where they are not, we are working
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to develop them. Next, we focus on the most severe problems -- as indicated by high prevalence,
intensity, or both -- and we conduct further analyses to determine strategies for alleviating the
problem. For example, in the case of cancer-related anorexia/cachexia syndrome, we have
partnered with drug developers, clinical trialists, and biostatisticians to develop and test a new
suite of interventions for people with refractory symptoms. We use the ePRO system to identify
individuals who potentially need these advanced interventions, and also use the ePRO system
to track outcome measures for these patient, highlighting results of the intervention. Once we
identify successful interventions, we will invest that new information back into the ePRO
system through patient education and symptom triggers; this return of new knowledge to inform
care for future patients represents the “learning” aspect of the rapid learning clinic, and fuels
a cyclical process of assessment, intervention, monitoring, and learning.

Conclusion
GI symptoms represent an important class of PROs. Routine collection of patient-reported data
on these symptoms can support good clinical care for advanced cancer patients while also
helping to build an evidence base to support clinicians in managing these cancer-related
symptoms. In this way, a PRO-based learning healthcare system, once fully implemented,
could simultaneously advance the state of the science, improve patient outcomes, and enhance
the patient-centeredness of care.
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Figure 1.
Screen shot of a sample symptom assessment item on the e/Tablet
With permission from Supportive Oncology Services, Inc. (SOS) Memphis, Tennessee.
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Figure 2.
Customizable menu of surveys programmed onto an e/Tablet
With permission from Supportive Oncology Services, Inc. (SOS) Memphis, Tennessee.
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Figure 3.
Report generated by the ePRO system, from Patient Care Monitor responses
With permission from Supportive Oncology Services, Inc. (SOS) Memphis, Tennessee.

Abernethy et al. Page 17

Curr Opin Support Palliat Care. Author manuscript; available in PMC 2011 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


